Introduction
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Macroalgae are one of the most important primary producers in coastal ecosystems 19 where their productivity often exceeds phytoplankton and other benthic carbon fixer such as 20 seagrass, coral and benthic microalgae (Mann 1973; Yokohama et al. 1987; Alongi 1998) . It is 21 well known that organic matter from macroalgal tissue supports various organisms such as 22 mesograzers (Mann 1973; Itoh et al. 2007) , suspension feeders of detrital macroalgae 23 (Duggins et al. 1989; Duggins and Eckman 1997) and heterotrophic microbes (Mann 1988; 24 Rieper-Kirchner 1989; Uchida 1996) . In addition, production of DOM is known to be one of the important fates of macroalgal production, and a large part of the photosynthetic products 1 of macroalgae are released into ambient seawater as DOM (20-40%; Khailov and Burlakova 2 1969; Abdullah and Fredriksen 2004; Wada et al. 2007) . Considering that these estimates are 3 higher than other primary producers such as phytoplankton (around 10%) (Baines and Pace 4 1991; Hama and Yanagi 2001), macroalgae could be the most important DOM producer in 5 coastal environments. However, the above studies on macroalgal DOM were based on 6 examination with incubation method for macroalgae using closed bag or chamber set up in 7 laboratory or natural environment, and the distribution of macroalgal DOM in the natural 8 marine environment is unknown. Therefore, the contribution of macroalgae to the coastal 9 DOM pool has not yet been studied.
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To quantify the macroalgal DOM in seawater, an effective approach would be to use 11 some organic component as an indicator of macroalgal DOM. In our previous study, 12 collection of macroalgal DOM was achieved by covering bags on a brown alga Ecklonia cava 13 Kjellman, which is a common species in the northwestern Pacific Ocean, and analyses of The bag-covering experiment was carried out at a central area in Oura bay (34° 39′N, 3 138° 56′E), and distribution of macroalgal DOM was evaluated on a transect line from the 4 near algal bed in the bay to the offshore (34° 36′N, 138° 59′E) (Fig. 1) . Oura bay is located on 5 the coast of Shimoda city, Izu Peninsula, Japan, and the maximum depth is about 14 m (mean: 6 about 8 m). It is the habitat for various macroalgae, e.g., E. cava, Sargassum spp. and Eisenia 7 bicyclis (Yokohama et al. 1987; Mikami et al. 2006; Wada et al. 2008) , and E. cava is the We collected seawater samples (duplicate) at 1-m depth using a Niskin bottle at stations 1-10 from the near algal bed in Oura bay to the offshore region ( Fig. 1 ) in October and 1 December 2010 (Sts. 1-4, 6, and 10) and May 2011 (all stations). The conductivity, 2 temperature and depth (CTD) were logged using a CTD probe (Idronaut, Ocean Seven 301).
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The seawater samples were filtered through a GF/F filter, and the filtrate was stored in 4 polycarbonate bottles below -20°C until analysis. In October and December 2010, and May 2011, we collected surface water from the 7 estuary zone of 2 major rivers (Aono and Inozawa rivers) using a plastic bucket. These rivers 8 are near Oura bay, but the mouths of these rivers are outside of the bay. We confirmed using a 9 salinometer (Atago, Maste-AS/Millα) that the salinity of the sample was near zero. The 10 samples were filtered through a GF/F filter, and the filtrate was stored in polycarbonate 11 bottles below -20°C until analysis. 
Analysis
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The high temperature catalytic oxidation method using a total carbon analyzer analysis was also applied for the seawater samples along the transect cruise, and four 7 components, S1, S2, S3 and S4 were identified. The wavelengths (Ex/Em) at the top of the 8 peaks were described in Table 1 . of the experiment were 0.87-1.3, and 1.6-1.8 QSU, (Fig. 2b and c) , which are about 2-3 times 19 higher than those in the control samples (0.56-0.63 and 0.66-0.66 QSU at the end of the 20 experiment). The intensity of the M3 peak also tended to increase with time, but at the end of 21 the experiment (2.1-3.3 QSU) was just a little higher than those of the control samples
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(1.8-2.2 QSU) (Fig. 2d) . The initial intensity of the M3 peak in the control bag was 1. The average value of the duplicate samples for the DOC concentrations in Oura bay (Sts. (Fig. 4a) . Application of PARAFAC analysis for 13 3D-EEM spectra showed four F-DOM components, S1, S2, S3 and S4, although the peak 14 shape of S4 was unclear ( Fig. 3d-g ). The other components, S1, S2 and S3, had similar 15 fluorescent properties with M1, M2 and M3 F-DOM components, respectively, based on the 16 peaks shapes (Fig. 3 ) and the profiles of the spectral loadings of excitation and emission of 17 the peaks (Fig. 5 ). In addition, we calculated Kendall's coefficient of concordance (W) using 18 the values of loadings, and high values were obtained for all of the peaks (more than 0.97),
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showing significant similarity of spectral characteristics between macroalgal and marine 20 DOM (P<0.01).
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The peak intensities of S1 and S2 were higher in Oura bay (S1: 1.1-1.8, 0.76-0.85 and (Fig. 5d) . Such a distribution suggests that the origins of the S3 4 component might be both in Oura bay and offshore (e.g., phytoplankton). respectively (data not shown). In the bag-covering experiment, the intensities of the M1 and M2 peaks, which 2 correspond to marine humic-like and UV/visible humic-like materials (Coble 1996) increased 3 with time ( Fig. 2b and c) , showing the release of humic-like material from E. cava.
4
Considering that the macroalgal release of humic-like substances has been known using The F-DOM components identified by seawater sampling along a transect line were S1,
10
S2, S3 and S4, and two of them, S1 and S2, had similar spectral characteristics to M1 and M2, 11 respectively (Fig. 3, 4) . Such spectral similarities suggest that the organic composition of the 12 coastal DOM pool partly reflects the production of macroalgal DOM. In the horizontal 13 profiles of F-DOM components, the intensities of the S1 and S2 peaks were higher at the 14 stations near the coast of Oura bay compared to those in the offshore region ( Fig. 4b and c) ,
showing the presence of sources of S1 and S2 near the coast of the bay. Since there is 16 community area of E. cava near the coast of Oura bay (Wada et al. 2008 ; Biodiversity Center 17 of Japan 2011), the origin of the S1 and S2 components is likely to be macroalgae in Oura bay.
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Unlike the S1 and S2 components, the intensity of S3 is sometimes higher in offshore region.
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We consider that the origin of the S3 component is not only macroalgae but also other source analysis. Therefore, we used the two peaks (S1 and S2) as the fluorescent tracer of macroalgal DOM.
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Another possible origin of the F-DOM components in the coastal area is riverine input, 2 because terrestrial DOM also contains humic substances (Coble 1996; Stedmon et al. 2003) .
3
In the present study, we evaluated the contribution of terrestrial DOM based on the salinity at 4 each station and the DOC concentrations of estuary water from the Aono and Inozawa rivers.
5
The salinity values at Sts. in October, December and May, respectively, which were generally higher than the values in 20 the offshore region (0.88 ± 0.017, 0.72 ± 0.0046 and 0.74 ± 0.013 mg C l -1 ) (Fig. 5a ),
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consistent with the profiles of the F-DOM components, S1 and S2 ( Fig. 4b and c) might allow us to make the distribution of macroalgal DOM more clear.
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The slopes of the regression curve relating DOC concentrations and the intensities of the 9 S1 and S2 peaks were 0.213 and 0.207, respectively ( Fig. 6a and b) , and they represent the 10 ratios of the DOC concentration and intensities of F-DOM components of macroalgal DOM.
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Using these values, we can calculate the macroalgal DOC concentration in seawater in Oura accounting for 3.5-20% (S1) and 2.7-19% (S2) of total DOC concentrations (Fig. 7) . These suggesting that the capacity of DOM production of macroalgae in Ouar bay could be 6 comparable with other coastal ecosystems.
7
In addition to the capacity of DOM production, the turnover rate of seawater in the bay is 8 also an important factor controlling the macroalgal contribution to the DOM pool, because 
Conclusion
23
In the present study, we examined the applicability of F-DOM component as the Oura bay
Mouth of Inozawa river
Mouth of Aono river Fig. 1 Location of study area. 
